Requirements Engineering (RE) is known to be critical for the success of software projects, and hence forms an important part of any Software Engineering (SE) education curriculum offered at tertiary level. In this paper, we report the results of an exploratory pilot study conducted to assess the effectiveness of Case-Based Learning (CBL) methodology in facilitating the learning of several RE concepts. The evaluation was made on the basis of graduate students' responses to a set of questions representing various key learning principles, collected after the execution of two CBL sessions at DA-IICT, Gandhinagar (India). We investigate the perceived effectiveness of CBL in students' learning of various RE concepts, based on factors like case difference, gender diversity, and team size. Additionally, we collect and analyze the Teaching Assistants' (TAs) opinions about the conducted CBL sessions. The outcome of this CBL exercise was positive as maximum students were able to achieve all the five stated learning objectives. The authors also report various challenges, recommendations, and lessons learned while experiencing CBL sessions.
INTRODUCTION
Software requirements engineering, as a part of any conventional (e.g. Waterfall) or modern (e.g. Agile) software development models, encapsulates an important set of activities that are required to express the purpose and functionality of a software system. Gathering, understanding and analyzing a set of software requirements require systematic, quantifiable, and repeatable techniques that ensure completeness, consistency, and relevance of requirements [7] .
RE is not an exact science and multiple alternative approaches and solutions are possible [5] . Hence, RE analysis can be best performed through discussion, brainstorming, critical thinking and analyzing problem domain from multiple perspectives [16] [23] .
RE teaching relies on an approach to convey RE related concepts to the students in a way that drives them towards analyzing the problem statement with multiple point-of-views and search for the best suitable solution [16] . Further, it is well known that educators face obstacles in teaching RE concepts due to its multidisciplinary nature which deals with both computer science and social sciences concepts [12] . In recent years, the use of active learning (different than the traditional lecture-based approaches) approaches for teaching RE concepts has gained a lot of interest among software engineering educators, as these approaches involve discussions, teamwork, decision-making tasks, brainstorming, engagements, and critical thinking [9] [26] .
The CBL methodology [8] [14] [19] is also committed to achieving similar objectives, and can be used to teach some of the selected RE concepts. A case in CBL is a unique, complex, and uncertain narrative structure of some contemporary interest arousing event or problem [14] . The existing literature on various teaching methodologies reflects that CBL has been used since long in the fields of Health Science education [24] , Law education, and Business education [10] . However, the application of CBL in teaching concepts of RE is unexplored. Looking at the importance of CBL [14] and the issues of RE education [13] [18], we intend to introduce CBL for teaching various RE concepts in a graduate SE course.
The main objective of this study is to examine the perceived effectiveness of CBL in teaching RE discipline. We develop two RE cases, conducted classroom CBL sessions, write experience reports, and share them publicly through Software Engineering Case-Based Learning Database (SEABED) 1 . This paper makes four novel research contributions:
(1) First implementation of CBL for teaching and practicing the concepts of RE discipline for a large class of 112 students at DA-IICT, Gandhinagar (India) 2 . (2) Empirical analysis based on case difference, gender diversity, team size, and engagement between the organizing team and the students during CBL sessions. (3) A set of challenges and recommendations derived from the experiences gained while implementing two CBL sessions, and strengthened by the experiences shared by the authors from three different universities collaborating and teaching SE for several years. (4) Two original RE cases, Metro Ticket Distributor System 3 and LIC Market-Driven System 4 , available on SEABED.
RELATED WORK
Teaching RE concepts using an active learning approach has gained a lot of interest in RE domain, and hence several papers (e.g., [1] [9]
[13] [26] ) about RE education have been published in literature. The main challenge is providing students with a logical understanding of the RE phase, and how the concepts they learned have been applied in real projects. Ouhbi et al. [13] performed a systematic mapping study on RE education to classify the existing studies based on the research type, empirical type, contribution type, RE activity, and course curricula. The mapping study resulted in a list of advice obtained from the RE education literature for instructors. This list of advice covers: (1) teaching how to define the problem scope, and avoid general/vague specifications, (2) guiding how to select and use RE tools, (3) describing activities in requirements analysis and modeling, (4) involving students in industrial projects, and (5) familiarizing students with approaches to problem-solving and development methodologies. Portugal et al. [18] presented an experience report regarding challenges faced while teaching RE to undergraduate students. The study was conducted in three consecutive semesters with a total of 57 students by taking traditional lectures, applying project-based learning methodology, and collecting feedbacks. They suggested that various RE concepts such as project planning, quality control, client involvement, and budgeting can be taught using ProjectBased Learning (PBL). PBL is one of the most commonly used teaching methodologies in SE education, which has its own set of limitations [8] [18] .
Another technique that gains a lot of interest of instructors is role playing in teaching RE concepts. Zowghi et al. [26] conducted a study to teach RE through role-playing. The authors focused on various RE tasks like elicitation, analysis, modeling, validation, specification, and management. They concluded that the role-playing tool developed for teaching RE in the problem-solving mode, gives a better understanding of multiple perspectives on RE and the techniques employed to execute each underlying RE task. Peng et al. [9] also applied a role-playing tool for teaching RE concepts. The results suggested that role playing approach is useful to incorporate the bidding of projects such that the interest or commitment of the developers for the project is increased. Svensson et al. [20] investigated whether a role-playing project impacts students' scores against a written RE course examination. The results show that the students who received higher grades in the role playing project scored significantly higher as compared to the students with a lower project grades.
CBL is a teaching methodology that motivates students to read, understand, and discuss complex real-life scenarios, testing their analytical thinking and decision-making skills [6] [15] . Garg et al. [3] developed a case related to software architecture and introduced a 3 http://seabed.in/case-study/Metro_Case.pdf 4 http://seabed.in/case-study/LIC_Case.pdf Case-Oriented Learning Environment (COSEEd) for teaching Software Engineering concepts to undergraduate and graduate students. They found that COSEEd helps students to learn software engineering principles more efficiently than lecture-based learning. Saini et al. [19] proposed an open source web-based Software Engineering Case-Based Learning Platform called SEABED. They conducted an experimental study to show the effectiveness of CBL methodology on students' learning, and also provided guidelines to write cases for CBL.
Kundra et al. [8] used CBL for teaching the concepts of Compiler Design course where the authors reported their experiences in implementing case-based and project-based learning for teaching various Compiler Design concepts. Their results suggested that the case-based teaching enhances students skills of learning, critical thinking, engagement, communication skills and teamwork. In this paper, we focus on teaching and practicing various concepts of RE discipline using a CBL exercise, and investigate whether the use of CBL enhanced students' learning.
EXPLORATORY PILOT STUDY
In this section, we present various elements of CBL implementation for teaching RE concepts as a part of a graduate-level SE course.
Study Objectives and Aims (AIMs)
In this work, we aim to investigate the effectiveness of CBL methodology in teaching/learning various RE concepts as a part of a SE course, by examining the achievement of a set of five students' learning objectives through empirically analyzing students' responses to CBL execution. These five learning objectives include students' learning, critical thinking, engagement, communication skills and teamwork. Accordingly, we frame a set of five objectives or aims (AIMs) which are stated as questions to address our proposed goal: 
Subjects
The subjects were 112 second year postgraduate students of MSc (IT) studying a compulsory course on IT 632 Software Engineering in Autumn 2017 at DA-IICT, Gandhinagar (India). The CBL exercise was conducted as a graded exercise for the course. The students were of the same age group between 20 to 23, and can represent Millennials or Generation X.
Cases
We created two RE cases each accompanied with a set of questions to be solved during the CBL exercises. The cases used are available online 3, 4 . The idea and elaboration of the two cases was proposed 
Exploratory Pilot Study Design
We used the single-factor incomplete block design for our study [25] , where every student group did not work on both the cases, and the students' experiences is considered as a blocking factor. The effectiveness of CBL mainly depends on the sizes of the teams formed to discuss and identify appropriate case solutions, hence we evaluated the impact of group size on students' learning (AIM2). Also, maintaining homogeneity among the groups is important, and hence we created the groups based on the Cumulative Percentage Index (CPI) (or grade points) attained by students in their previous semesters such that the average CPI across the groups was comparable.
Since the female presence in computing domain is sparse, their participation and contribution are important for the society to have a more balanced and equal representation [2] [4], we did this gender specific analysis to provide some useful insights in this regard (AIM4). Also, while dividing the students in different group sizes, we tried to maintain male and female ratios among the groups. The class size of 112 students was divided into 14 groups -8 groups of 6 students, 4 groups of 11 students and 2 groups of 10 students. The students were divided into a total of 14 different groups based on their CPI and gender. The details of the students groups created for CBL sessions are shown in Table 1 .
Various characteristics of our study design with respect to each CBL session can be inferred from Table 2 . In our study design, we chose different sizes of students groups in order to analyze the impact of group size on student learning, critical thinking, and engagement of the concepts. Out of 112 students, 76 (68%) were boys and 36 (32%) were girls. While assigning students to each team, we ensure that the group must be balanced with respect to gender, G1-2-6-7 (6 student) G3-G5 (11 student) G4 (10 student) II B S57-S112
G8-11-13-14 (6 student) G9-G10 (11 student) G12 (10 student) and their CPI attained in their previous academic sessions. We evaluated students solutions for each of CBL exercises from their case presentations and case reports. We identified the best group for each case, and rewarded it with 10 marks in the final grading. A total time period of seven days was given to each group for solving the case. The various elements of our study are as follows:
• 
CBL EXECUTION AND DATA COLLECTION
In this section, we provide details about the preparations done for CBL including students training, case descriptions, and CBL execution. The overview of the empirical study is shown in Figure 1 .
Preparation and Subject Training
Before commencing the CBL exercise, seven traditional lecture sessions were organized to familiarize students with the RE concepts. Additionally, a two-hour lab session was conducted to introduce them to the concepts of CBL through a class presentation, learning videos and demos. The course instructor planned to demonstrate CBL to TAs (two master students, one doctoral student, and one research fellow) such that the team (educators and TAs) could help students groups more efficiently in understanding the concepts.
Execution
The implementation of CBL was done in two different sessions each spanning two hours. In the first session, 56 students (7 groups) were assigned Case A (Metro Ticket Distributor System), and demonstrated how the case-based exercises are required to be handled. The students groups were asked to start working on the case in the lab session itself, where TAs and the instructor were available to help them in analyzing and understanding the requirements specified in the case. The students were given one week time to solve the case (takeaway, not as a classroom exercise) such that students get sufficient time to analyze the case and associated multiple resources. After the case solving exercise was completed, a four-hour session was conducted for case discussions and analysis. Similarly, for Case B (LIC Market-Driven System) the aforementioned process was followed for remaining 56 students. For each case, the study was formally carried out in three different phases, 'Case Understanding', 'Case Solving', 'Case Discussions'. In Case Understanding Phase, each team was allotted one of the two cases as shown in Table 2 and was asked to study the case carefully. In Case Solving Phase, each student was asked to take the responsibility of one or more questions depending on the team B angalore M etro station wa nts to establish a T icketD istributor m a chin e that issu es tickets for passengers travelling in m etro rails. T ravelers have options of selecting a tick et for a single trip, rou nd trips or for m u ltiple trips T hey can also issu e a m etro pass for regular passengers or a tim e card for a day, a w eek or a m onth according to their requ irem ents. T he discounts on tickets will be provided to frequ ent travelling passengers. T he m a chine is also su pposed to read the m etro pass and tim e cards issu ed by the m etro counters or m achine. T he tick et rates differ ba sed on w hether the tra veller is a child or a n a du lt. T he m achine is a lso requ ired to recognize original as w ell a s fak e cu rrency notes. Figure 1 : Overview of the study for evaluating the effectiveness of CBL in students' learning size. However, the response to each question had to be finalized through team work. In our study, both RE cases consist of eight questions each, where Q1 and Q3 are more complex than the other six questions. The questions were randomly assigned to the students groups in such a way that the responsibility of each question among the members of the group was balanced. The rationale and details of each group type with reference to the assigned questions are as follows:
(1) For the group size of 11 students, each student was responsible for one question and two students were responsible for solving Q1 and Q3. And, one student was responsible (who is a team leader) for the additional question. (2) For the group size of 10 students, each student was responsible for one question and two students were responsible for solving Q1 and Q3. Also, all students in the team were responsible for answering the additional question. (3) For the group size of 6 students, each student was responsible for one question, and remaining three questions (two case questions (Q1, Q3) and one additional question) were assigned among six team members such that each additional question was assigned to different pairs of students in the group. It can be observed that each student in groups of 6 has more responsibility than their classmates in the groups of 10 or 11. Before conducting the session, we asked students to volunteer and undertake this exercise in the group of 6. The rationale behind different group types was to investigate an ideal team-size required for conducting CBL methodology for better results. This rationale supported by the results, benefits, and limitations for choosing different group types was explained to students after the successful completion of CBL sessions.
Finally, in Case Discussions Phase, each student group was asked to submit their responses to each of the eight questions on the response sheet in digital format, and then present their responses to the case questions through a formal presentation. The students were allowed to access all types of reference materials. A targeted case discussion was carried out after each group's presentation for responses to the case questions. All responses to the case and survey questions were collected using Google Forms.
The CBL exercise was assigned a weightage of 10% among all different assignments for the Software Engineering course. The best team in a session was allotted 10 extra marks that would be added to their end-semester examination marks. This was done to incentivize them toward further participation. The overall exercise was evaluated and graded by one faculty member, and four TAs from SE domain. Also, the students' responses were evaluated and graded both at student-level and group-level in the class-session itself. When one student team was presenting their solutions, other groups were asked to assess them on the scale of 1-5 based on their understanding of the problem and responses to each question. Since peer-evaluation [22] is an active learning technique that causes students to think, ask questions and respond, we adopted this strategy to increase reliability and validity of the results [17] .
DATA ANALYSIS AND RESULTS
This section presents the analysis of the data collected during the CBL sessions, to evaluate the impact of CBL on perceived understanding of the RE concepts.
Data Validation
The collected data was analyzed to identify discrepancies in the students' responses. As it turned out, one student from group G1 submitted two different responses for the feedback questions and one student from group G8 did not attend the CBL implementation sessions. So the responses of these two students were eliminated from our analysis, hence a total of 110 data points (i.e., 74 (66%) males and 36 (34%) females) were analyzed to draw inferences. Table 3 shows the list of survey questions and students' responses to the CBL learning outcomes with regard to their learning, critical thinking, engagement, teamwork and communication skills. The responses were collected for each of the CBL learning outcomes in terms of Strongly Agree (SA), Agree (A), Disagree (DA), and Strongly Disagree (SD). We used the same CBL survey questions as utilized by Saini et al. [19] and Kundra et al. [8] for assessing the efficacy of CBL.
AIM1: Analysis on Learning Objectives
From Table 3 , it can be inferred that 98.1% of total number of students agreed (SA + A) that the cases were relevant in learning various RE concepts (Q1), and 95.5% of the students suggested that the cases allowed for a deeper understanding of case concepts (Q2). Almost 14% of total students don't think that they were more engaged in class when working with the cases (Q7). One possible reason for this might be the fact that the CBL sessions were conducted as takeaway exercises. Collectively, more than 90% of the students felt that the cases allowed them to view the problems from multiple perspectives (Q4), helped in synthesizing ideas (Q5), and added realism in the class (Q6). A significant 97.2% students agreed that the case discussions increased their confidence to work in teams, while 96.4% believed that it strengthened their communication skills. In summary, these strong agreements provide positive indications about the CBL exercises conducted in this work.
AIM2: Impact of Team Size on Learning
The relationship between team size and productivity in a specific environment is a question of investigation in SE domain. However, no theoretical arguments and empirical evidences are available in favor of either larger or smaller teams, hence it is hard to generalize an effective team size [11] . CBL exercises involve collaboration of student teams, where team members demonstrate and utilize their varied skills in complementary roles toward solving the case. Here, we intend to investigate the impact of two different team sizes on students learning. Table 4 shows the team-wise percentages of SA, A, D, and SD against the teaching objectives to investigate the impact of team size on students' learning. In order to analyze the data for responding to AIM2, we framed an extended study question or a sub-aim as "Are there any significant differences between the students' responses of smaller and larger groups?", and performed the t-test for the respective 'agree' and 'disagree' percentages. Our null hypothesis is that there is no relationship between the team size and the student learning during CBL execution. The alternate hypothesis is that team size influences student learning. The t-test results show a p-value of 0.2291 at a significance level α = 0.05. Based on this, we fail to reject the null hypothesis, and conclude that the size of the team does not have any effect on student learning.
To further investigate the impact of team size based on case differences, each of the eight case questions supported by an additional question solved by the students were analyzed. The additional question was a brainstorming question which included the study of other related systems. This question was added to investigate the problem-solving skills when working in a team. Table 5 shows the average marks awarded for each question by the evaluation team comprising four TAs, one instructor and various students groups. Each row represents the average evaluation marks awarded for each individual question to all 14 groups. Four small groups (G1, G2, G6, G7), three large groups (G3, G4, G5) were assigned Case A; and four small groups (G8, G11, G13, G14), 3 large groups (G9, G10, G12) were assigned Case B. The students from each group were evaluated and graded on the basis of nine (8 main and 1 additional) case questions, and each question carried 10 marks. So, the question set per case carried a total of 90 marks. The group who scored the highest marks for Case A was a larger group (G3) with a total of 70 marks, and the group which scored the highest marks for Case B was again a larger group (G9) with a total of 80 marks. Hence, the larger groups came out to be the best groups for both the cases. Case A Case B Case A Case B G1 G2 G6 G7 G8 G11 G13 G14 G3 G4 G5 G9 G10 G12 Q1 6 7 7 8 7 10 8 10 9 10 7 10 9 7 Q2 6 10 9 7 6 9 7 10 7 8 10 9 10 10 Q3 The detailed observation of the data shows that the difference of total marks between large groups and small groups for both the Teaching Requirements Engineering Concepts using Case-Based Learning SEEM'18, May 27-June 3, 2018, Gothenburg, Sweden cases is negligible. For instance, G7 is a smaller group which was assigned Case A, and it scored a total of 68 marks. The total marks of G7 are closer to the total marks of G3, which is a larger group and also the best group of Case A with a total of 70 marks. This shows that both the smaller (G7) and the larger (G3) groups have a difference of two marks which is negligible. The average marks over all the smaller groups are 66.7, and the same awarded to all the larger groups are 71.8; which also shows not much of a difference. Arguably, we can say that on one hand each student of a larger group had a responsibility of a single case question, and hence she was able to properly utilize the given time in researching and identifying the best solution (for one question only). On the other hand, the students of a smaller group were responsible for answering multiple case questions and this might have resulted in scoring a lower average of 66.7. Another possible reason behind this lesser score could be the poor time management in finding answers to multiple questions. However, the overall analysis results suggest that the size of the team does not affect the students learning through CBL. Table 6 shows the case-wise percentage of SA, A, D, and SD against the teaching objectives represented by various questions to investigate the impact of case difference on students' learning. For this, we framed an extended study aim (expressed in the form of a question) as "Are there any significant differences between the students' responses for Case A and Case B?", and performed the t-test for both agree and disagree percentages. Our null hypothesis is that there is no relationship between the case differences and the student learning during CBL execution. The alternate hypothesis is that the cases influence students' learning. Here, the null hypothesis (H 01 ) assumes no significant differences, whereas the alternative hypothesis (H 11 ) suggest the existence of significant differences between the students' responses for both cases. After performing the t-test for both agree and disagree percentages, we get a p-value of 0.8455, at a significance level α = 0.05. Thus, we fail to reject the null hypotheses. Therefore, our results suggest that the two cases are perceived as equally effective, and help students to achieve all five learning objectives.
AIM3: Case Difference

AIM4: Gender Diversity
We performed a gender-specific analysis, and our extended study question for the same is, "Are there any significant difference between the responses from male and female students?". Table 7 shows the percentages of male and female students agreeing/disagreeing (SA, A, D, SD) to each of the ten survey questions, respectively. Students were asked to report their gender in the survey form. Our null hypothesis is that there is no relationship between the gender and the student learning during CBL execution. We perform the t-test and find that p-value for agree% is 0.710, at a significance level α = 0.05. Therefore, we fail to reject the null hypotheses. This means that there is no significant difference in the responses from male and female students. Based on these results (which are based on perceptions), we conclude that the difference in gender has no effect on the CBL outcome and it helps both male and female students equally in achieving various learning objectives. 
AIM5: TAs' Perceptions with CBL
All four TAs had no prior experience with CBL as a student or as a TA. Before the implementation of CBL sessions, TAs closely studied the research papers from SEABED, solved few cases, conducted discussions among themselves and with the instructor too. When the TAs were asked about which group type they found easy to manage or facilitate, two TAs believed that smaller groups are easier to manage; one TA stated that both group types are equally manageable, whereas one TA felt that facilitating larger groups was easier than managing the smaller groups. When the TAs were asked whether they found CBL for RE more useful than traditional lecturebased learning for the students to grasp the underlying RE concepts, all TAs agreed that CBL is more useful than lecture-based learning for certain RE topics. They also stated that the total number of TAs who participated in the CBL exercise was sufficient for a class of 112 students. The CBL exercise involves self-evaluation and assessment which triggers new ideas and strategies that naturally vary from group to group, However, all TAs involved were overall satisfied with the students' responses to the case questions. After the first CBL exercise, TAs were feeling confident about assisting in another CBL session. On a question about the time spent, time allocation, and participation of each member of a group, TAs responded that (1) they spent equal time on each group, (2) the time allocated to each group for solving the case was sufficient, and (3) they found a balanced participation across members of the groups of both sizes. Another interesting aspect of this CBL exercise is assessing the impact of team size on CBL, hence we asked TAs to suggest what should be the better group size based on the TAs experiences with CBL sessions, including facilitating groups of different sizes. Two TAs admitted that smaller groups could be a better option, one TA suggested that any group size can be chosen, and one TA stated that larger groups should be chosen. The detailed TAs responses for the questionnaires can be downloaded online 5 . Overall, the TAs responses and their stated experiences showed that the CBL results in an increased TA involvement and satisfaction, along with high engagement between the organizing team (mainly TAs in this case) and students.
CHALLENGES AND RECOMMENDATIONS
In this section, we share the practical challenges encountered while exercising the CBL methodology, along with our recommendations.
Challenges Faced
While defining a case several points must be kept in mind: (1) a case must not be too complex and should be understandable to the students; (2) writing a case would demand a sort of "reverse" engineering approach, i.e., how should we define the case so that it takes the students to multiple resources; and (3) the questions attached to a case must invoke students into exploring a variety of resources including books, websites, blogs, discussion forums (both developer and general). One of the major aims of CBL is to send the students on a quest for the best (or the most appropriate) solutions. These solutions originated from different student groups form a common multi-perspective representation against each case question. This scenario should then trigger a discussion following the students' presentations.
Another aspect of the CBL is teaching the concepts modeled in the cases. CBL is a active learning and teaching methodology, and the concepts have to be taught using traditional lecture-based teaching (i.e., classroom teaching). Prior to conducting the CBL sessions, the team must brainstorm on which topics are easier to be taught using traditional lecture-based learning than CBL, and hence should target to identify the concepts that can be better taught using CBL; in turn modeling such topics into the case descriptions. This would help students to concentrate only on those concepts to solve the given case. In this study, two cases were designed to teach RE concepts like requirement elicitation techniques, requirement analysis, requirement prioritization techniques, concept mapping, use cases and user stories. Based on the evaluation of marks and students' responses, we observed that the students were able to grasp the RE concepts related to requirements elicitation, prioritization, and documentation techniques. However, students have some difficulty in applying the requirement analysis techniques, which suggest that a more extensive case based on the analysis techniques to be framed to enhance the students' learning. One case developed for some of selected RE concepts may not be able to provide learning to the students for all articulated concepts, hence separate cases may be framed for each concept or group of concepts, and make it a challenging task for investigation.
Based on the feedback submitted by the students, it can be clearly interpreted that they found CBL an innovative and interesting technique in SE education, and asked to conduct more CBL sessions in other topics of SE too. They explicitly mentioned that this exercise helped them to solve the same problem from different perspectives, 5 https://sites.google.com/site/saurabhiiitdmj/resources/TA_responses.pdf thereby improving their critical thinking skills and understanding of the RE concepts more effectively. The students found themselves engaged in a kind of research activity and they accessed several resources to serve the questions. Some of the students found problems in understanding the scenario modeled in the case, i.e., ambiguous requirements with respect to the cases. As the case questions involved forming assumptions and each group had its own unique set of assumptions, so this approach was less acceptable to some of the students. Some students suggested extending the time duration given to solve the cases, so that they could understand the cases well and find better solutions.
Recommendations
Teaching RE concepts using an active learning method requires the course instructor to motivate students with the benefits of the method. CBL is a different kind of teaching methodology and students experienced it for the first time, hence introductory sessions on CBL are needed to be conducted in order to acquaint them with this approach. These sessions should consist of CBL videos, case examples, demonstrations, and CBL's practical relevance.
We also recommend that the CBL sessions can be conducted as the lab exercise because designing and implementing CBL sessions is time consuming. It involves arranging extra sessions, in addition to their regular class schedule used for introducing CBL concepts, for making them understand the cases and carrying out necessary discussions. Both the TAs and students were new to the CBL methodology. As the TAs were the facilitators of the group of students to understand CBL, it was important to introduce them with CBL concepts, motivation and implementation process prior to the execution. All the TAs were instructed and guided through a well-designed execution plan by the course instructor. They were also asked to refer several resources like YouTube videos related to CBL, research papers and cases available on SEABED platform. CBL focuses on the best solutions and helps students to get a feel of how the concepts can be applied in real projects. The students were advised to look for the 'best possible solutions' relevant to the case. However, we found that many of the students groups tried to find the 'right answers' instead of digging into identifying the 'best solutions'. We observed this phenomenon at the time of presentations also that the students were more interested in knowing the right solutions rather than focusing on the best solutions along with the related approaches followed to reach those solutions. Hence, it is recommended that the students should be cautioned against this practice before the execution of CBL sessions.
We experienced CBL with both group types, smaller and larger. As each student in the group is responsible for identifying the best possible solution, it is recommended that the number of questions in the case should be equal to the number of team members in a group. This would help students to take responsibility for exactly one question for which student gets sufficient time. We did not impose any time limit for the presentations and discussions. As a result, the presentation lengths varied between 15 minutes to 45 minutes. Hence, we recommend limiting the discussion time, otherwise presentations would become less interesting. Each member in the group should have a direct interaction among themselves such that they can experience a self-learning environment. After the presentation, a discussion session of about 10-15 minutes involving all other groups should be provided. Overall, based on our experiences with CBL, the authors recommend that the educators can choose CBL for teaching certain topics of RE or other SE concepts and achieving various learning objectives.
THREATS TO VALIDITY
Construct validity: A total of 14 groups of different sizes were created specifically to analyze the impact of team size on students learning. Each student team was created based on the CPI such that the average CPI among students groups remained same (see Table 1 ). Also, before choosing the group type, the students were informed about the rationale behind this kind of assignment. Our study tends to evaluate the impact of group size on the students learning using CBL. However, the investigation was done only with two groups of students of different sizes, posing a potential threat, which can be alleviated by experimenting with additional categories of different group sizes. Since our results are based on student surveys, we believe more such studies are needed to increase generalizability, credibility and reliability of the approach [21] . Another limitation of our work is that several components of our work is based on qualitative data and perceptions which is not generalizable as opposed to experimental studies [21] .
Another threat may be the distribution of case questions among the members of smaller and larger groups. The case questions were randomly assigned to the students, ensuring that one student in the group would not get the responsibility of multiple questions (by following the procedure mentioned in Section 4.2). The students were selected for the study from the number of students registered for the course, thus removing the possibility of self-selection. The subjects were provided sufficient teaching on RE concepts and rationale behind CBL methodology. We used unvalidated, single scales to measure perceived variables, so we have no way to evaluate construct validity.
Internal and Measurement Validity: The participants were not randomly assigned, so the study suffers from an unequal groups threat to internal validity. Students' perceptions of their own learning may not be accurate, compromising measurement validity.
Conclusion and External Validity:
The participants may not be representative of all students in all requirements engineering courses, undermining external validity. There can be response bias, inflation of answers and the responses or outcome can be based on perceptions.
CONCLUSIONS
This paper reports an exploratory pilot study on teaching various RE concepts as a part of a graduate level SE course, using Case Based Learning (CBL) method. The students' responses showed positive indication towards all five teaching objectives. More specific analysis of the students' responses revealed that the (1) difference in RE cases, (2) use of group types (small or large), and (3) gender diversity, do not affect the quality of solutions and students involvement in the CBL exercise.
Overall, our results revealed that the CBL approach, with a welldesigned case, is suitable for teaching and learning of RE concepts. Additionally, the TAs who are the facilitators of CBL sessions shared their experiences and recommendations, and suggested that CBL results in an increased engagement between the organizing team and the students.
